A series of 170 infants and children were operated upon under caudal analgesia. Lignocaine was used in concentrations from 0.5 to 2 per cent. The average dose employed was 10 mg/kg body weight. Analgesia was satisfactory in 91.7 per cent of cases. Complete failure occurred in 5.2 per cent of patients. No serious accidents or complications were seen due to the anaesthetic method. In the author's experience this technique represents a safe, reliable and simple way to produce surgical analgesia in infants and children, especially in those needing emergency surgery who are in poor condition.
Anaesthesia for paediatric surgery offers many problems to the anaesthetist and surgeon. In Brazil, as in many other large and underdeveloped countries, there is a lack of special equipment and a shortage of anaesthetists (less than 1,000 for a population of 87 million) so that there is a great need for a simple, safe, and reliable technique which can be used anywhere by a well-qualified surgeon or anaesthetist.
Reference to an early publication on the uses of caudal analgesia in children for routine urological examinations (Campbell, 1933) led to the idea that, employing recently introduced local anaesthetic agents and more up-to-date methods (Fortuna, 1963) , this technique could be utilized for a wide range of surgical procedures.
The results obtained in 170 infants and children in whom caudal epidural anaesthesia with lignocaine (Xylocaine) was used for a variety of surgical procedures form the subject of the present communication.
MATERIAL AND METHODS
170 patients (150 male) were chosen on a random basis. The ages ranged from 1 day to 10 years. Two conditions were satisfied before a patient was accepted for inclusion in this study. These were that the proposed surgery was to be performed in areas innervated by spinal roots emerging below the sixth thoracic vertebra and that the operations were expected to last less than 60 minutes. The distribution of cases according to age, physical status and the type of surgery can be found in tables I, II and HI. The premedication in 56 cases was atropine (0.03 mg/kg). Pethidine (1 mg/kg) with atropine was employed in 60. These were injected intramuscularly approximately 1 hour before the surgery. No drugs were given to the remaining 54 patients.
The sacral epidural block was performed either with the patient awake or sleeping. In every case in which there was doubt about recent food intake, the epidural injection was made with the child awake with an assistant holding him still; 31 patients were managed in this way.
Of the 137 sleeping patients, 127 received intravenous thiopentone (50 to 100 mg in 2.5 per cent solution), 10 were anaesthetized by open drop ethyl chloride. In 2 older children 1 per cent lignocaine was injected in the sacral region just before the sacral puncture (table TV). Two positions were used for the sacral injection. These were the prone or modified lateral decubitus position, with the upper leg flexed and the body rotated 45° over the lower limb ( fig. 1 ). After skin preparation with thiomersal, and draping of the sacral region, the comu were palpated and the hiatus identified. A 2.5 cm 20 or 22 G short bevel needle was then inserted through the skin over the hiatus as if trying to reach the umbilicus. The direction was held until the sacroccygeal membrane was perforated. The point was then advanced for 5 to 8 mm inside the sacral canal (Labat, Pauchet and Sordat, 1921; Leigh and Belton, 1951; Moore, 1953) . After completion of the block the child was turned supine with a 10 to 20° head-down inclination of the surgical table. The lowest position-20° angle-was used when higher levels of analgesia were needed. The local agent chosen for the caudal epidural anaesthesia was lignocaine, plain (54 cases) or with adrenaline 1:160,000 or 1:200,000 (\\2 cases). In 4 cases epidural injection was not carried out.
The strengths injected ranged from 0.5 to 2 per cent (table V) . The total amount injected in the first 100 cases was adjusted according to the level to be reached. Up to the 12th thoracic 10 mg/kg was used, up to the 10th thoracic 12.5 mg/kg. When analgesia up to the 6th thoracic was necessary, as in abdominal surgery above the umbilicus, 15 mg/kg was injected. In the last 70 cases a standard solution of 1 per cent lignocaine with adrenaline 1:200,000 was adopted for all anaes- thetics using a dose of 10 mg/kg. In infants less than 3 months old 0.5 per cent solution was employed, the proportion of 10 mg/kg again being used. The largest dose of lignocaine injected in this series was 400 mg of a 2 per cent solution in a boy aged 10.
The heart and breath sounds were monitored in all cases with a monaural precordial stethoscope. Blood pressure was measured by sphygmomanometry using cuffs of a size appropriate to the child's age. In all except 8 patients an intravenous drip of glucose 5 per cent in water was used throughout the operation to keep a vein open and to maintain fluid balance.
RESULTS
Anaesthesia was judged satisfactory in 156 patients (table VI) . There were 9 failures; 5 children needed some form of supplementation and in two instances the dura was accidentally perforated (tables VI and Vn). In 10 patients the initial dose of thiopentone was repeated during the operation to maintain sedation. Inhalation anaesthesia, using cyclopropane-oxygen in a Bloomquist infant circuit, was used in the 9 patients in whom the caudal technique failed to produce adequate Total 10 analgesia and in the 4 patients in whom supplementation was required because the operation outlasted the analgesia. Small doses of pethidine (5-10 mg) were given intravenously to 1 child. The dura was pierced in 2 patients. In one the accident was unnoticed and 180 mg of 1 per cent lignocaine with adrenaline 1:200,000 was injected into the subarachnoid space. Although most of the respiratory muscles were paralyzed, diaphragmatic action was sufficient for clinically adequate spontaneous ventilation with air. The operation was finished without difficulty and there were no sequelae. In the other, cerebrospinal fluid emerged from the needle and a subarachnoid block was deliberately done using 40 mg of 2 per cent lignocaine. Analgesia did not extend high enough and inhalation anaesthesia was needed to allow completion of surgery.
The time of onset of analgesia ranged from 8 to 12 minutes. The usual duration of analgesia with 1 per cent lignocaine with adrenaline 1:200,000 was 60 to 75 minutes.
Most of the children, with the exception of the 10 in whom the initial dose of thiopentone was repeated and the 5 who needed supplementation, required no drugs after the sacral epidural injection of lignocaine. This agent, by its powerful systemic action, produced a very quiet and tranquil state, resembling a hypnotic trance, during the surgical procedure (figs. 2 and 3).
Abdominal muscular relaxation was satisfactory to the surgeon in all cases where the block was successful. In infants less than 3 months old this effect was seen even after 0.5 per cent solutions of lignocaine. The first signs indicating that the block was going to be effective were increase in lower limb temperature, disappearance of plantar and patellar reflexes, visible aortic pulsation and, frequently, semi-erection of the penis.
After 10 minutes the level of analgesia had in most cases reached the 10th thoracic dermatome. When tested again 10 minutes later the level had often risen to between the 4th and 6th thoracic dermatome.
Complications.
Significant falls in arterial pressure were not observed even when almost all the thoracic sympathetic nerves were blocked. Brief apnoeas (of 3 and 5 min) were seen in 2 debilitated infants soon after the injection. They were managed by controlled ventilation with 100 per cent oxygen. No other instances of respiratory depression were observed (table VII) .
There were 2 convulsions following local anaesthetic injection. One, a 6-months-old child, received an overdose of lignocaine (20 mg/kg). The other was an 18-months-old female who had been given a dose of 15 mg/kg. In the former case thiopentone 50 mg was given intravenously and the lungs were ventilated with 100 per cent oxygen. The second case was managed with controlled ventilation with oxygen only. The perand postoperative course of these two infants was uneventful.
Two very poor risk infants, 14 days and 3 months old, who arrived at the hospital with severe signs of dehydration, toxaemia and intestinal obstruction with peritonitis, died in the late postoperative period. In both patients intestinal resection and anastomosis were performed under caudal epidural anaesthesia with a 0.75 per cent solution of lignocaine, 10 mg/kg. Anaesthesia and surgery presented no special problems. The same was true of the first postoperative day. However, wound dehiscence, peritonitis and irreversible water-electrolyte disturbance made long-term survival impossible. The younger patient died on the 5th and the older on the 8th day after the surgery (table VIII) .
DISCUSSION
The good operative conditions and the excellent results obtainable with caudal epidural anaesthesia in adults are well accepted. A search of the literature, however, failed to reveal a detailed account of the use of this technique in children, although reference was made to Campbell (1933) and Leigh and Belton (1951) . A preliminary communication presenting our early results was presented in 1959 (Fortuna, 1963) . The ease and simplicity of this method soon became evident, especially when used for emergency surgery below the 6th thoracic dermatome. Children with full stomachs, it was found, could be anaesthetized with little danger of aspiration of gastric contents, on account of the presence of active upper airway reflexes.
With increasing experience its use was extended to include almost all routine paediatric surgical procedures. Abdominal wall repairs, circumcision, operation on the lower limbs, and on the perineal and lumbosacral regions were all managed under caudal epidural anaesthesia.
Clinical signs of respiratory depression were not observed in the patients in this series, with the exception of the two children in whom brief apnoea was seen. With these exceptions oxygen was not used. As judged by clinical signs air was sufficient for tissue oxygenation. The observations of Schneider (1951) , Ruston (1954 Ruston ( , 1957 Ruston ( , 1964 , Spiegel (1962) , and Rodrigues (1964) confirm this point. Even with good abdominal relaxation obvious evidence of hypoventilation was not seen. Good colour, stable pulse and normal blood pressure were the rule in this series.
Arterial hypotension was not a feature. Slater and Stephen (1950) , Berkowitz and Greene (1951) and others with extensive experience of spinal anaesthesia in children also make the same observation. The vascular system of the young seems more resilient. Schneider (1951) , Rodrigues (1964) and Ruston (1964) have also drawn attention to this aspect of lumbar epidural anaesthesia in children. Even in poor risk cases in which toxaemia, dehydration and peritonitis complicated an emergency procedure, the blood pressure and the pulse rate remained within normal limits. In adults, however, the opposite is the case in this writer's experience (Fortuna, 1963 ).
An adult with the same signs when subjected to an epidural or a spinal block occasionally develops acute and uncontrollable hypotension, sometimes leading to coronary insufficiency and death. Six poor risk patients died because of this syndrome of a group of 3,000 patients in whom spinal or lumbar epidural anaesthesia was the chosen method (Fortuna, 1963) .
Lignocaine was selected for this series, its qualities of diffusion, quick onset of action and stability providing the results expected (Wiedling, 1959; Gruber, 1961) .
After trying several concentrations (table VI) it was decided that 1 per cent solution of lignocaine with adrenaline 1:200,000 was most suitable for general use in epidural anaesthesia for children. For infants less than 3 months old, 0.5 per cent was sufficient. These solutions in a dose of 10 mg/kg were sufficient to provide block up to the 6th thoracic dermatome, when 10-15 minutes was allowed for spread and when the head-down position was adopted immediately after the injection.
The best indications for caudal epidural blockade in children and infants are surgery of the abdominal wall below the 6th thoracic dermatome, in the lower limbs, perineum, external genitalia, sacrolumbar and anorectal regions. For intraabdominal surgery experience indicates that it should be reserved for operations below the umbilicus.
Contraindications to this form of anaesthesia are similar to those for adults (Bonica et al., 1957; Fortuna, 1963; Ruston, 1964) . These are infections in the sacrococcygeal regions, disease of the central nervous system, gross spinal deformities and coagulation defects. Intra-abdominal surgery above the 10th thoracic dermatome should be included because of the problems offered by active phrenic and vagal reflexes, which are not blocked by epidural anaesthesia.
This technique should not be employed unless the anaesthetist has had considerable experience with regional methods and an acquaintance with the techniques of resuscitation is necessary before using it in children. At least minimum equipment for reanimation measures, as the EMO Inflating Bellows or the Ambu bag should be at hand. Thiopentone, endotracheal tubes and suxamethonium are necessary for the treatment of convulsions or difficult airway problems. A Gordh needle or an intravenous drip inserted before the epidural injection is a safeguard that should always be observed.
Sacral epidural injection is easy to perform, safe, and reliable; it affords an economical method of providing good analgesia. In this writer's hands 92 per cent of blocks were satisfactory when performed for a wide variety of procedures. No serious sequelae or deaths were seen in this study that could be ascribed to the technique. Hypothermia was not seen in this group.
During summer, in hot countries or in places without air conditioning in the operating theatre, this method offers a simple way to avoid postoperative vomiting, dehydration and hyperthermia which are sometimes seen after inhalation anaesthesia in children. Children can be given fluids by mouth as soon as the surgery is completed. Vomiting was quite rare in our group (2 out of 170 patients).
The paediatric surgeons readily accepted caudal epidural anaesthesia, as did their small patients. In many instances they have asked us to use it in their own children. It should be added that such requests have been made in a 1,000-bed teaching hospital where every agent and every anaesthetic technique is available and is routinely employed by the 14 anaesthetists working whole-time in the department.
